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Sierras Exteriores, the southern front of the Spanish Pyrenees. Eight fracture sets (joints 23 or faults) are recognized throughout the fold and are separated into a fracture sequence 24 that is defined using field relationships and the remarkable temporal constraints offered 25 by the syn-tectonic sedimentary deposits. This fracture sequence records a complex 26
Paleocene to Early Oligocene structural evolution, including map-view, clockwise 27 rotation and tilting of the fold axis. The geochemical analysis of calcite cements from the 28 different mineralized fracture/vein sets reveals a compartmentalized fluid system 29 during most of fold development. This initial paleofluid system was later perturbed 30 when bending-related fractures associated with foreland flexure and outer arc extension 31 Eight fracture sets are defined by field observations, statistical analyses, and stress 238 inversion processes, including 5 joint/vein sets (Figs. 4-6) and 3 striated fault sets (Fig.  239   7) . For the sake of simplicity, the fracture sequence is presented with a nomenclature 240 defined by relative timing with respect to folding (Fig. 8) . 241
Sets J1 and J2 appear mainly in the oldest pre-tectonic formation (Table 1, Once the plunge and local dip are removed, set J1 strikes 120° while set J2 strikes 090°. 244
Cross-cutting relationships show younger J2's abutting against older J1's ( Fig. 8-b) . 245
Other sets are observed in all stratigraphic units. Set J3 joints and veins strike 070° and 246 are bed-perpendicular, and abut against set J2 fractures ( Fig. 8-c ). Set J4 joints and veins 247 strike 40° and are bed-perpendicular, reopen J3 fractures and abut against J2 fractures 248 ( Fig. 8-c) . Sets J3 and J4 are observed in every structural position, whereas set J5 is only 249 observed near the anticline hinge and in the syncline. Set J5 joints and veins are roughly 250 normal to bedding and strike mainly 170°. Chronological relationships from outcrops 251 and thin sections indicate that set J5 is younger than sets J1, J2, J3, and J4 (Fig 8-a,d) , 252 whereas chronological relationships with set J4 are ambiguous. 253 Sets F1, F2 and F3 comprise faults that are defined by a common causative 254 paleostress reconstructed using a stress inversion process (Fig. 7) . Because the lack of 255 crosscutting relationships, the chronology of these fault sets is poorly constrained by 256 field and petrographic observations. Age of the fault sets with respect to folding and 257 thrusting events can however be assessed by assuming that they developed when the 258 stress tensor has a vertical principal stress, as predicted by Anderson (1951) . Set F1 259 comprises steeply dipping, N-S striking normal faults that were only observed at the fold 260 hinge, and developed under an E-W extensional stress regime during folding ( Consequently, this rotation history is of primary importance for interpreting the 282 fracture sequence with respect to anticline development (Fig.11) . Drawing on timing of 283 sedimentation with respect to folding (Fig. 1B) , and on the stratigraphic distribution of 284 the fracture sets (Figs. 3 to 8, Table 1 ), we propose that the progressive development of 285 fractures from a 090° strike (set J2 only in oldest strata) to a 040° strike (set J4 in all 286 strata) reflects a progressive clockwise rotation (Fig. 11) . Joint sets J2 to J4 are inferred 287 to have formed sequentially parallel to the direction of maximum contraction as part of 288 the structural suite recording regional layer-parallel shortening (LPS) that we here 289 documented as striking NE-SW ( Fig. 11-a-b-c (2) ). This interpretation is based on (1) the 290 established existence of a rotation in the area, (2) the fact that set J2 is a bed-291 perpendicular, fold-axis perpendicular-striking set of joints which can be related to LPS 292 (e.g. Bellahsen et al., 2006a), and (3) the stratigraphic distribution of fracture sets, 293 where J2 is observed only in prefolding and prerotation Guara Fm. (Huyghe et al., 2009 ) 294 while J3 and J4 developed also in syn-rotation strata (Table 1 ). The angular difference in 295 present-day strikes for sets J2 to J4 is 50°, which we infer to reflect the maximum 296 magnitude of the rotation around a vertical axis (Fig.11-a-b-c) . Our interpretation differs 297 from previous work that predicts a rotation of only 20° at the Pico del Aguila (Huyghe et 298 al., 2009 ). Considering our data, because of possible local heterogeneities and bed-scale 299 stress perturbations, the strikes of fracture sets are only given within 10° of accuracy 300 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT (Table 1) . Given this limitation and considering mean strikes for each fracture set, the 301 minimal value for the vertical rotation is the difference between J2's (80°) and J4's (50°) 302 strikes. Therefore, our dataset suggests a vertical rotation of about 30° and is more 303 likely considering results from other studies (Pueyo et We infer that set J1 predates the rotation and its final orientation fully records 306 the rotation. Given a present day strike of 120°, the regional trend of J1 before the 307 rotation would be 090° (Fig. 11-a (1) ). Thus, the joints could be interpreted as having 308 developed during N-S extension related to foreland flexure and/or forebulge in the area 309 (Hervouët et al., 2005) . Set J5 is inferred to have developed at the anticline hinge during 310 outer-arc bending that occurred during vertical axis rotation. As these fractures reflect 311 hinge-related deformation, their orientation remained parallel with the anticlinal hinge 312 as it rotated (Fig. 11 a-b-c) . Similarly, during fold growth, hinge extensional strain was 313 accommodated by development of F1 faults that were also rotated with the anticline as 314 it grew and spun ( Fig. 11-c (3) ). Crosscutting relationships between J4 and J5 are 315 ambiguous, so the development of J4 fractures parallel to regional contraction could 316 have been before or coeval with local extension at the hinge. 317
After rotation around a vertical axis was completed ( Fig. 11-d (4) ), fold tightening 318 locally perturbed tectonic stress that became perpendicular to fold axis (e.g., Amrouch et 319 al., 2010), in response to which set F2 formed. Later, the Pyrenean-related N-S 320 contraction triggered E-W-trending thrusts ramps (Teixell, 1996; Jolivet et al., 2007) , 321 tilted the folds axis during its overthrusting above the 30°-dipping frontal ramp and 322 caused E-W small reverse F3 faults ( Fig. 11-d (5) ). 323
The proposed fracture sequence reflects a tectonic history starting from foreland 324 flexure and/or forebulge until the late activation of regional thrusts due to Pyrenean N-S 325 
Sample selection according to microstructural observations 335
Using observations of veins and surrounding host-rocks from optical and 336 cathodoluminescence microscopy (Fig. 3, 9) , four different textures in veins can be 337 described, following the classifications of Durney and Ramsay (1973) and Machel 338 (2000) . 339
The textures are (1) blocky calcite with single-phase, bright orange luminescence with 340 brighter fringes at the external rim of crystals ( Fig. 9-a) ; (2) blocky calcite with grain-341 scale luminescence zonation from bright to dull orange luminescence (Fig. 9-b . Also, the elongation direction relates to the direction of opening of veins, and 359 is useful to distinguish mode I veins fractures (Fig. 3-b ) from oblique opening veins 360 fractures ( Fig. 3-a) , where the latter were discarded from our geochemical study. Finally, 361 multiple crack-seal events were discarded for geochemistry ( Fig. 3-a) either due to folding or to regional foreland flexure ( Fig. 12-a) . 393
Isotopic patterns of cases (2) and (3) reflect a closed stratified fluid system that 394 experienced a different evolution regarding the timing of deposit of host-rock regarding 395 evolution of folding ( Aguila (Millán, 1996) . 410
The isotopic pattern of case (4) The fluid system evolution of the Pico del Aguila (Fig. 12-a) happen in a basement-cored fold (Fig. 12-a) . Table 2  807   and Supplementary Table S1 for detailed isotopic data. 
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